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Polyamine-dependent protein kinase in cytosol of pig 
e pidermal cells was extracted. The fraction containing 
this enzyme exhibited multiple polypeptide bands on 
polyacrylamide gel electrophoresis, including 4 major 
polypeptide bands and several minor poly peptide bands. 
A 80 kilodalton (KD) polypeptide, one of the minor 
polypeptide bands, was phosphorylated by polyamine-
dependent protein kinase . Authentic ornithine decar-
boxylase (ODC) exogenously added was separated into 
2 subunits (80 Jill a nd 40 KD) on sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis and a 80 KD 
polypeptide was also phosphorylated by polyamine-de-
pendent protein kinase. A 80 l{D polypeptide of ODC 
comigrated with the polypeptide of cytosol which was 
phosphory Ia ted by polyamine-dependent protein kinase . 
Kinetic study revealed that the ODC activity de-
creased as ODC was phosphorylated. Therefore, ODC 
activity was inhibited by epidermal polyamine-depend-
e nt protein kinase-mediated phosphorylation. The over-
all results indicate that the rapid turnover of ODC might 
be regulated by a phosphorylation-dephosphorylation 
reaction without new protein synthesis. 
The a liphat ic po lya mines, putrescine, spermine, a nd sp er-
micli n e, are natura l constit uents of most living o rganisms. 
Po lyamine exerts var ious bio logic effects on a variety of ce ll 
systems, such as growth -promotin g factors [1], stimu lators of 
DNA synthesis [2], e ffec tors of protein synt hes is [3], a nd othe r 
effecto rs in various metabolic processes. 
Ornithin e decarboxy lase (ODC) catalyzes t he decarboxyla-
tio n of L-ornithin e a nd it is cons idered as a rate- limiting 
enzyme in po lyamine biosynthesis. In skin , t he ODC activity 
is too low to detect in cytosol of epiderma l ce lls [ 4], but it is 
very high in hyperproliferative psoriatic epidermis a nd in ma-
lignan t tumor cell s [5]. ODC is a short- half-life enzyme, i.e., 10 
roin [ 6 ]. This rapid t urnover of ODC is cons idered to be due to 
posttr a n s locational modification process without new enzyme 
synthesis. 
Atmar a nd Kuehn reported t hat t he phosphorylation of ODC 
by the polyamine-dependent protein kinase inhibited ODC 
activity us in g nucle i of s lime mold [7], but we could not obtain 
t he same results in nuc lei o f pig epide rmal cells. 
In t hi s study, polyamine-dependen t prote in kinase was ex-
t racted from cytosol of pig epide rma l cells, and a search made 
fo r exogenous substrates for cytosolic polyamine-dependent 
protein kinase. fn addition , the effect of phosphorylati ~ n of 
ODC b y polyamine-dependent protein kinase on the act1v1ty of 
ODC was investigated . 
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Abb reviations: 
KD: kiloda lto n 
ODC: ornithine deca rboxylase 
SDS-PAGE: sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis 
257 
MATERIALS AND METHODS 
Skin slices were obtained from t he backs of domestic pigs (6- 8 k") 
using a Castroviejo keratome set at a 0.2 mm dept h under Nembut.:l 
anesthesia (30 mg/ kg) i.p. At least 5 pigs were used for the experiment. 
(-y -32P]ATP and OL-[1 -" Cjorni t.hine hydrochloride were purchased 
from Amersham, USA. 
Pttrification of Polyamine- Dependent Protein. Kinase 
This procedure was based on t he method of Criss et a] [8]. Al l 
manipulations were carried out at 4'C. The keratome skin was homo"-
enized with 5 volumes of 0. 25 M sucrose conta ining 3.3 mM CaCb in "'a 
glass homogenize r. After filtering to remove debris, the homogenate 
was centrifuged for 90 min at 100,000 g . The supernatant was concen-
t rated using a Minicon B concentrator (Am icon, USA) and applied to 
DEAE-cellulose column chromatography (Whatman DE-52; colum n 
size, 0.8 X 4 em), which was equilibrated with Buffer A containing 20 
mM NaCl and 10 J.LM cAMP. Buffer A consisted of 20 mM Tris- HCl 
(pH 7.5) , 50 mM 2-mercaptoethanol, and 2 mM EDTA. Aller the colum n 
was washed with Buffer A containing 20 mM NaCI and 10 pM cAMP, 
it was washed aga in without the cAMP. The enzyme was collected in 
300-J.LI fractions by linear NaCI gradjent (70-500 mM) . T he enzyme was 
obtained reproducibly. 
Polyamine-Dependent Protein K inase Assay 
Polyamine-dependent protein kinase was assayed by t ransfe r of the 
radioactive phosphate of i'r -"2P]ATP without addit ion of exogenous 
substrate. The reaction mixture (50 J.LI ) consisted of 20 mM Tris-HCI 
(p H 7.5), 5 mM magnesium acetate, 30 mM 2-mercaptoethanol 10 J.LM 
ATP conta ining 0.5- 1.0 pCi of (-y-32P]ATP and 0.5 mM sperm ine and 
spermidine or 20 pM cAMP. The reaction was initiated by addition of 
DE-52 fraction as enzyme source (15 J.LI) and incubated at 30' C fo r 10 
min . Each fracti on mixture was spotted on a 2-cm square of Whatman 
3 MM fi lte r paper and washed in 5% trichloroacetic acid. After drying. 
the radiOaCtive fil te r papers were counted using a liquid scin t illation 
counter. 
Authentic ODC from Escherichia coli (Sigma, USA) was used as a 
substrate for polyamine-dependent protein kinase. Twenty micrograms 
of ODC was added in each assay. · 
ODC Assay 
ODC activity was measured in duplicate in a sealed tube by t rapping 
C0 2 onto a 2-cm square of Whatman 3 MM filter paper saturated with 
scin t ilamine afte r liberat ion of the radioactive gas from OL·[l -1'1Cj 
orni thine based on Lowe et al's method [9] . The assay mixture consisted 
of 35 mM sodium phosphate (pH 7.2), 0.2 mM pyridoxa l phosp hate, 4 
mM dithiothreitol, 1 mM EDTA, 0.4 mM L-ornithine containin <> 0.5 pCi 
DL-[1 -" C ]ornithine hydrochloride and 10 J.L g of ODC. The tota l ~eact. i o n 
volume was 125 1'1. Enzymatic assay was carried out. at 30' C for 30 
min . The reaction was te rminated by addition of 500 pi of citric acid 
and the incubation was cont in ued for 1 h. Then, radioactive fil te r 
papers were counted. 
Effect of ODC Phosphorylation by Polyamin.e-Dependen.t Protein 
Kinase on the Activity of ODC 
Authent ic ODC (20 J.Lg) was added t.o the polyamine-dependent 
protein kinase assay mixture (final volume 100 J.L l) , and incuba ted at 
30°C. At the indicated t ime, 40 1d of the 100 Il l of reaction mixture was 
taken and spotted on a 2-cm square of Whatman 3 MM til t.er paper 
for counting of protein kinase phosphorylation . Sixty- five microli te rs 
of ODC assay mixture wit hout. radioactive L-orn it hine was added to 
the remaining 60 pi and dialyzed against the assay mixture for 2 h. 
Then , 125 pi of water conta ining 0. 2 pCi of DL-[1 -"C]orni thine hydro-
chloride was added and incubated at 30oC for 30 min, and ODC activity 
was measured. 
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Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis 
(S/JS -PAGEJ 
The phosphorylation reaction was te rminated by quick freezi ng with 
acetone dry ice. Frozen samples were lyophilized for 2 or 3 h and the 
lyophilized powder reconstituted with 20 Ill of extraction solution 
containing 8 M urea , 2% SDS, 1 mM phenyl-methyl-sulfonyl·fluor ide 
(PMSF), 0.8% 2-mercaptoethanol, and a small amount of bromophenol 
blue in 0.1 M Tris- HCI (pH 8.5). After boiling for 2 min, t he sample 
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FIG 1. Fractionation of protein kinases from cytosol of p ig epider-
mal cells hy DEAE-cellulose column chromatography. Buffer A con-
tai ning 20 mM NaCI and 10 !lM cAMP was used for the purpose of 
removing cA MP·dependent protein kinase (A) . Afte r washing wit h 
Buffer A containing 20 mM NaCI, 70- 500 mM NaCl gradient in Buffer 
A was eluted ( /3) . The assay of protein kinases is given in t he text. 
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F IG 2. Protein staining of fractions numbers 24 and 25 of Fig 1 with 
polyamine or cAMP. Ex perimental procedures for extraction and SDS-
PAGE a na lys is a re described in text. Molecula r weight sta nda rd pro-
teins are shown on the right.. 
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FIG 3. Autoradiograph ana lys is of phosphorylated proteins. The 
phosphorylation react ion was performed in t he presence or absence of 
polyam ine or cA MP . See detai ls in Materia L~ and Methods. These 
phosphorylated bands correspond to t hose in Fig 2. 
was app lied to SDS-PAGE as described by Laemmeli L10] . The running 
gel contained 10% ac rylamide and the stacking ge l 5% ac ry lam ide. A 
sample was taken in running buffer containing 0.19 M glycine, 0.1 % 
SDS, and 0.025 M Tris-base (pH 8.3) at 75- 150 V for 4- 5 h. After 
electrophoresis, the ge l was stained with 0.1 % Coomassie Blue in 50% 
methanol and 7% acetic ac id, followed by 10% isopropyl alcohol and 
10% acetic acid. 
Autoradiography 
After electrophoresis the ge ls were dried on What man No. 50 filter 
paper under vacuum and placed on Kodak X-0 mat film for 2- 7 days. 
T he resu lt ing auto radiograph revealed t hose proteins into which 32P 
had been inco rporated. 
Protein Determination 
Protein contents were determined with Bio-Rad protein assay kit 
using Coomassie Brilliant Blue G250 /11] . 
RESULTS 
Polyamine-dependent protein kinase was extracted and a 
fractionation profile is illustrated in Fig 1. Fig 1A shows a 
fractionation profi le of cAMP-dependent protein kinase which 
was assayed with or without cAMP using histone HilA from 
Sigma as a substrate. Cyclic AMP-dependent protein kinase 
mostly appea red in those fractions that were eluted with Buffer 
A containing 10 J.LM cAMP. Fig 18 shows a fractionation profile 
of po lyamine-dependent protein kinase which was eluted 
through 70-500 mM NaCl gradient, and the addition of polyam-
ine increased the phosphorylation about 2- to 3-fold. 
Fig 2 shows an electrophoretic pattern of peak fractions (No. 
24 and No. 25) of polyamine-dependent protein kinase. There 
were 4 major polypeptide bands (90 KD, 64 KD, 48 KD, and 
30 KD) and several minor polypeptide bands. 
The autoradiograph of Fig 2 is shown in Fig 3. A 80 KD 
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F IG 4. E lec trophores is of authent ic ODC. P rocedures a re described F1 r. 5. Auto radiograph of proteins in F ig 4. Experimenta l proce· 
in the tex t. Molecula r weight sta ndard prote ins a re shown on the right. dures a re described in text. 
polypep t ide was significantly phosphorylated by polyamine-
depende nt protein kinase. T wo more polypept ides we re also 
phosph o rylated by polyamine-dependent protein kinase-58 
KD a nd 35 KD. A sma ll amount of contaminated cAMP-
depende nt prote in kinase phosphorylated a 64 K D polypept ide. 
Au t h e nt ic ODC exogenously added was sepa rated in to 2 
polypep t ide bands (80 KD and 40 KD ) as shown in Fig 4. A 80 
KD p o lypept ide of ODC was significantly phosphorylated by 
polyamine-dependent protein kinase. Fig 5 is t he autoradi -
ograph of Fig 4 which comigrated wi th an endogenous 80 KD 
po lypeptide in cytosol of pig epidermal cell s. 
T h e effect of the ODC phosphorylation by polyamine-de-
pend e n t protein kinase on the activi ty of ODC is shown in Fig 
6. T h e activity of ODC was inhibi ted reproducibly by phospho-
rylatio n of ODC by polyamine-dependent protein kinase in a 
ti me-d e p endent manner. This ODC inhibit ion is also depend-
ent o n t h e protein concent ration (data not shown). 
DISCUSSION 
A crude fraction of polyamine-dependent protein kinase was 
extracted with DEAE-cellulose co lumn chromatography. Cyclic 
AMP-d e pendent protein kinase eluted in the same fractions 
was e lim inated by the addit ion of cAMP. The activity of 
polyamine-dependent protein kinase was 2-3 times higher than 
the con t r ol. There were 4 major polypept ide bands and several 
minor p olypeptide bands in a crude fraction of polyamine-
depende n t protein kinase. Among these minor polypept ides 
bands, 3 were significantly phosphorylated by polyamine-de-
penden t protein kinase (80 KD, 58 KD, and 38 KD). A 64 KD 
polypeptide was phosphorylat.ed by cAM P -dependent protein 
kinase . T his polypept ide could be a subuni t of keratin proteins, 
wh ich h a ve been reported by other investi gators [12]. 
16 4 
"' 
14 
"' I 
0 0 
X 12 3 X 
~ ~ 
0.: 10 0.: 
0 0 
8 2 >->-
.., 0 .-e 
> 6 > 
·.;::; ·.;::; 
u u 
Ill Ill 
::t: 4 o--o PK u 
0.. 
.._.ODC 0 
2 0 0 
0 5 10 15 20 
Incubation time (min) 
FIG 6. T he effect of phosphorylation by polyam ine-dependent pro-
tein kinase on the activity of ODC. The procedures a re described in 
t he text. At t he indicated t imes, protein kinase activity and ODC 
activity were measured. 
Authentic ODC exogenously added was separated into 2 
subuni ts (80 KD and 40 KD ). A 80 KD polypeptide which 
comigrated with an endogenous 80 KD polypeptide was sign if-
icantly phosphorylated by polyamine-dependent protein ki -
nase. Thus, it can be speculated that a 80 KD polypeptide in 
cytosol of pig epidermal cells is a subuni t of ODC, but furt her 
identification is necessary. As ODC was phosphorylated by 
polyamine-dependent protein kinase, t he activi ty of ODC was 
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inhibited as reported by Atmar et al [7]. It might be suggested 
that polyami ne synthetized by ODC activated polyamine-de-
pendent protein kinase, stimulated phosphorylation of ODC, 
and in turn inactivated t he ODC activity. 
ODC is known to be a short-half- life enzyme, i.e. , 10 min. 
T his rapid turnover of ODC might be regulated by a phospho-
rylation-dephosphorylation process without new enzyme syn-
thesis. This metabolic process is a case of feedback control 
mechanism by end products of a biosynthetic pathway. 
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